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REVIfil-l 
OF THE 
LITERATIJRE 
2 
Many observers have hypothesized the cause of refractive 
errors or anomalies, particularly with respect to axial length 
versus the light refracting power of the eye. It has been shown 
that the mean axial length of myopic subjects is greater than the 
mean for the general population and it is held that myopic subjects 
have steeper corneas than the general population. 
Some evidence indicates that the contributors for 
am."Tletropization during the growth of the eye are axial length 
and the crystalline lens~ Baldwin also noted that there is 
evidence which points to axial length as the causative mechanism 
of myopia, rather than a failure of the crystalline lens to 
flatten during development (resulting in a high plus lens), Based 
on previous studies, Sorsby has proposed that axial length is 
the determinant of refractive error in subjects of greater than 
4.0 diopters of myopia or hYPermetropia, and that as axial length 
i ncreases, myopia results. 
One of the many methods used to determine the axial length 
of the eye and the location of the various optical components 
within the eye is ultrasonography. Ophthalmophakometry, on the 
other hand~ is a method whereby the location of these ocular 
components can be calculated on the basis of reflected and 
refracted images. Whereas ultrasonography is used to measure 
depth, ophthalmophakomatry defines curvature of the anterior 
surface of the cornea, and the anterior and posterior surfaces 
of the c .. rystalline lens,, utilizing the Sanson-Purkinje images. 
These images are produced by a series of lights (usually two) 
in a device called a phakometer. The separation of these lights 
ts also fixed and known. A camera is used to provide a photo-
graphic record of the position of these i~~ges. It is assumed 
that the refractive indexes of the cornea, aqueous humor and 
crystalline lens of each subject are known and that they are 
constant within the group of subjects studied. From this 
inforrr...ation the radius of curvature of the cornea and anterior 
and posterior surfaces of the lens can be calculated, providing 
tha.t all data is gathered under the same conditions of distance, 
and refractive index. Many observers (Sorsby, Kanki, Araki, 
Otuska, and others) have used refractive and phakometric measurements 
to calculate the axial length of their subjects' eyes. 
Methods of directly determining the axial length of the 
subjects' eyes are radiology and ultrasonography. The previously 
used subjectively determined measurements by radiological 
techniques have been discarded in favor of the objective ultra--
sound methods, whereby sound waves of a very high frequency 
(around 20,000 cycles/sec.) are produced by a crystal in a probe 
or transducer which acts both as an emission device and a 
receiver. As the high frequency sound passes through the eye, 
a portion of it is reflected back by the various surfaces it 
encounters. This reflected sound is converted into electrical 
energy and carried to an oscilloscope where it appears as a time/ 
amplitude d:isplay, The display is photographed and the data 
obtained from the photograph is transformed ma.thematically into 
actual distances. These calculations assume that the index of 
refraction of the ocular media is known, that the subject has a 
single surface spherical cornea with the index equal to that of 
4 
the aqueous and that the probe is placed on, and the sound 
travels along, the visual axis. 
To the present time there have been reported in the 
literature studies of 1521 eyes by eleven investigators or groups 
using ultrasonic techr.iques to measure the optical components. 
In some of these studies the ultrasonic results have been 
conpared to those obtained with phakometry. 
TABLE 1 . NUMBER OF SUBJECTS STUDIED USING ULTRASONIC TECHNIQUES 
INVFSTIGATOR. 
l{anki 
Jansson 
Leary and Sorsby 
Franken 
Franeschetti 
Yammamoto 
Fernet 
Otsuka 
Araki 
Nover 
Rivara 
DATE OF 
STUDY 
1961 
1963 
1963 
1961 
1965 
1961 
1965 
1961 
1961 
1965 
1963 
NUMBE.'l OF 
SUBJECTS 
694 
184 
140 
120 
94 
86 
73 
46 
45 
29 
10 
Jansson was limited in his control to the measurements he 
obtained for the anterior chamber. His calculated distances 
closely agreed with those found in the general population by 
Stenstrom who used radiological procedures. 
Kanki, Araki, and Otsuka used ultrasonographic and phako-
metric methods to obtain their data. Kanki compared axial length 
as computed from the data obtained by the two methods, Araki 
provided data on anterior chamber depth and lens thickness and 
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Ot~~ka studied all the optical components of his subjects. 
Although this last group was quite s11'.all (46) it was noted that 
ocular distances calculated from ultrasonic methods correlate 
highly with those obtained v..'i. th phakometry. 
In 1963, Leary and Sorsby compiled the data obtained on 
140 eyes into a distribution curve and the results are shown in 
Table 2. 
TABLE 2. MEAN DIFFERENCES AND STANDARD DEVIATION IN MEASUREMENTS 
OF OCULAR COMPONENTS 
MEAN STANDARD 
DIFFEH.ENCE DEVIATION 
Anterior chamber 0 .202 m.vn + 0.28 mm 
depth 
Lens thickness 0.099 mm + 0.2 - mm 
A..--d..al length 0.027 mm + 0.31 mm 
Lens power 0.051 mm + 
- .70 mm (focal length) 
Table 3 shows the results of a study by Leary in which 
16 eyes were measured twice using the ultrasonographic technique 
to determine the reliability of the method. 
TABLE 3. MEAN DIFFERENCE AND STANDARD DEVIATION IN MEASUREMENT OF 
OCUVL.q COMDNENTS WITH ULTRASONIC TECHNIQUES 
MEAN STANDARD 
DIFFER.ENCE DEVIATION 
+ Anterior chamber 0,025 mm 
- 0.22 mm 
Lens thickness o.o mm + 
- 0.08 mm 
Axial length 0.06 mm + 
- 0.25 mm 
TABLE 4. RANGES OF AXIAL LENGTHS FOR VARIOUS REFRACTIVE ERRORS 
Tron 
Deller-
et al 
Stenstrom 
Otsuka 
Note: 
EMMETROPIA 
22.24 to 
27 • .30 mm 
21.0 to 
25,0 mm 
21.5 to 
26.5 mm 
20.5 to 
26.o mm 
HYPERME'TROPIA 
to 4.oo 
21.13 to 
25.62 mm 
20.0 to 
_23,5 mm 
21.5 to 
25.5 mm 
20.5 to 
26,5 mm 
over 4.oo 
20.75 to 
23,01 mm 
20.2 to 
23.5 mm 
MYOPIA 
to 6.oo over 6,00 
22.19 to 21+.88 to 
22. 08 nun 38, 18 n:un 
20.5 to 25,5 to 
_ 26,0 mm 28.5 mm 
22,0 to 23,5 to 
28.o mm 29,5 mm 
21.5 to 23,5 to 
28,j mm 31.0 mm 
Stenstrom: emmetropes: 
Otsuka: low hyperopes : 
pl to +1.00; low hyperopes: +1.00 to +4.00; and low myopes to -4.00 
less than or equal to +2.50 
°' 
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Several studies (one by Tron utilizing phakometry and others 
by Deller, O'Connor, Stenstorm, and Otsuka and Kanefuji utilizing 
radiological techniques) have indicated that high ametropias are 
associa ted with axial length variations. From this Tron 
concluded that axial length increases are responsible for high 
myopia greater than six diopters, 
Sorsby found from his data that only in ametropias of over 
4 .0 D myopia or hypermetropia was axial length clearly related 
to the ametropia~ 
Investigations by Baldwin and Sorsby have shown variations 
in size (particularly axial length) of the eye as a function of 
age, sex, and refractive error, Developmentally, corneal curvature 
changes are marked before the age of three but are stable there-
after. This change is related to the growth of the eye which 
is most rapid in the period from late gestation until approximately 
two years of age, 
Studies which have made a comparison of the eyes of males 
and females indicate that there is a slightly greater corneal 
diameter for males and that the axial length for males is greater 
than for females, 
TABLE 5. AXIAL LEN:ZTH WITHIN THE GENERAL POPULATION 
GENERAL 
POPULATION MALES FEMALES 
Stenstrom 24.00 mm 24.04 mm 23,89 mm 
Mohendra ·24.74 mm 24,6 mm 24.5 mm 
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It has also been four.cl that there isa highly. signifi.c~.nt 
negative correlation between axial le~'lgth and ocular refraction. 
Sorsby determined that growth of the eye~ particularly as 
related to increase in axial lengthw takes place at the rate 
of 0.2 to 0.3 m.~ per year from 7 to 16 years. From this study 
it is not possible to establish the age at which growth ceases, 
although it is known that it levels off between 10 and 15 years 
of age, a little earlier than does the geneTal growth curve. " 
The growth pattern which the eye follows is much like that of 
the brain. 
Ultrasonography has become the method of choice for many 
experimenters for determining axial length and its components 
bec·au;e it is free from some restrictions which are present with 
other methods. 
It has been shown that it is useful for measurements even 
when the subject is under general anesthesia, as in the studies 
by Young and Leary on chimpanzees who are not voluntarily 
cooperating with the examiner. 
For determining axial length, ultrasonography is superid." to 
phakometry because the length is computed from three measured 
distances. This is in contrast to the phakometric method where 
the axial length is calculated from the refractive error. Errors 
in observation of the anterior portion of the eye would be 
exaggerated when calculations for the post-erio~ portion of the 
eye were made. Thus a computed axial length should be regarded 
as less desirable than one that is observed. 
For those intraocular distances which are calculated using 
both phakometry and ultrasonography, Leary and Sorsby show a 
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close correlation in the values obtained by both methods which 
applies ·aqually well to both hypermetropia and rnyopia • 
Three rr~jor difficulties arising from the use of ultra-
sonographic techniques come frcm the lack of a standardized method 
for recording the echo pattern, the type of probe used and the 
calibration of the instrument. This makes comparisons of various 
studies difficult. 
It has been shown that ultrasonic waves can have a destructive 
effect on living tissue when exposure is maintained for long 
periods of time at a high frequency. wnen the dosage is low, 
there is no observable darr~ge to the ocular media. Th~ level 
at which ultrasound may be considered dangerous is an exposure 
2 
time of 2 to 8 minutes at an intensity of 10 ·w/cm • Zeiss found 
that sound at a frequency of 250 kc 'With an exposure time a£. 2 
to 8 minutes produced reversable opacities of the lenses in cattle 
eyes~ Permanent opacitie~ developed after a longer period of 
exposure. Leary and Sorsby feel that an intensity of not more 
than 1 W / cm2 is safe for use with human eyes. 
Another limitation to the use of ultrasound for the measurement 
of the ocular components is that the distance between the anterior 
and posterior surfaces of the cornea is so small that the second 
surface is not readily definable in the time/amplitude trace. If 
intensity modulated techniques are used and depth resolution is 
adequate on the instrument, this second surface can be seen. The 
posterior traces on tha time/amplitude trace represent the inter-
faces between the posterior structures of the eye (the vitreous 
and the retina), not the focal plane of the retina. 
Since all velocities within the eye are assurr.ed to be consta~t 
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for all subjects 9 and have only been calculated and not actually 
measured, there is the possibility tr.at errors have been induced 
through the calculations. 
Using ultrasonographic data, the total length of the eye is 
calculated from the depths of three component parts, the anterior 
chamber 9 the lens and the posterior chamber. 
The several examiners who have used ultrasonographic data to 
compute the axial length of the eye, for the most part, used 
very similar techniques. A cycloplegic was frequently used 
to keep the subject's accommodative system quiescent, followed 
by a local anesthetic. The ultrasonograph was calibrated by 
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placing the probe in a water bath at 37 c. A plastic plate was 
then introduced in front of it at a known distance and this 
distanc3 equated to the screen distance recorded on the oscillo-
scope. Tha transducer was fitted with a water-filled extension 
tube capped by a thick silk or plastic membrane (about .005 mm 
thick). The membrane was then placed against the subject's cornea 
and the oscilloscope trace photographed, Leary and Sorsby noted 
that an "on-axisir trace had a characteristic appearance. "Using · 
a fixed gain, the lens peaks were equal and, net less than half 
the amplitude of the corneal peak. 11 The first echo was noted as 
being that reflected by the first surface of the membrane, and 
the thickness of the membrane was deducted from the calculated 
length of the eye. 
Leary and Sorsby have shown that the excised retina gives 
rise to a single peak in the trace, and that the sclera presents 
a double peak, one for each surface. The average thickness of 
the retina has been determined to be 0.5 mm, from Sorsby, which 
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i s ddded to the calculated length of the eye to deter~~ne the 
ler~th to the perceptual layer of the retina, The distances between 
the echoes (interpeak distances), a s photographed from the 
oscilloscope screen are observed, and halved as they represent the 
time it takes the sound to traverse the medium and reflect back. 
The velocity of the sound in each of the media is known approximately 
and the axial length is :calculated as a product of this velocity 
and the time. 
I nvestigators who have studied the relationship between 
axial length and refractive error have found that there is a 
highly significant negative correlation-the longer the axial 
length , the more myopic the subject. Stenstrom found that the 
correlation was -.76 while Otsuka and Kanefuji determined it to 
be - . 71. Sorsby, studying the correlation between the curvature 
of the anterior surf ace of the crystalline lens and the axial 
len:i$th p found that eyes with long axes carry 11flat 11 lenses and 
eyes with a short axial length have more steeply curved lenses. 
CALCULATION 
PROCEDURES 
1.3 
1. Refractive data 
The refractive error for each eye must be calcualted in the 
vertical meridian and then at the corneal plane instead of the 
phoropter plane. 
To compute the power in the ver:tical meridian the following 
formula. is used: 
(I) 
where a is the angle between the cylinder axis and the vertical 
meridian and D is the power of the cylinder. 
0 
The total power in the vertical meridian is then obtained 
from 
K_5 = sph + Dv (II) 
To calculate this refractive error at the corneal plane 
Kc = _..,..1_0_0_0 __ _ 
df - ~ (III) 
where d = focal length (in millimeters) of K in meridian z 
f s 
( dr =_1_0_0_0 _ 
K 
), d =vertex distance from the phoropter to 
v 
s the corneal plane. In all of these findings, d = 20 :mm. 
v 
2. Manipulation of Keratometry vlaues 
Since all keratometry values were kept within the range of 
the keratometer, no correction for the use of auxiliary lenses 
was necessary. 
r z = __ (.._n_-_n..._1.._) _1 ... 0....,0_0_ 
Fz (IV) 
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gives the radius of curvature of the anterior surface of the 
cornea i r i 
z 
n = calibration index of the keratometer, l,JJ75 
~ = refractive index of air, 1.000 
rz = radius of curvature of the cornea in meridian z (vertical) 
F = keratometer reading in meridian z (correction needed if 
the axes are oblique). If correction is needed, formula (I) should 
be used. If no correction is ma.de for oblique axes, 
(V) 
From this, the calculated power of the cornea in that meridian 
is 
(n2 - ·4h ) 1000 (VI) 
where n2 = 1,3333, the index of the aqueous. For these calculations, 
-the cornea and the aqueous are assumed to have the same index and 
the anterior surface of the cornea is regarded as the anterior 
surface of the aqueous, 
3. Manipulation of Ultrasonographic measurements 
The first step in the USG calculations is to compute the 
camera reduction, The distance between two given points on the 
picture (distance C) and the same two points on the oscilloscope 
screen ( distance ·:lOO) are measured, 
Cr = _l_O_O __ 
c 
where C is the camera reduction. 
r 
With this information, the true depths of the anterior chamber, 
lens and posterior segments can be computed: 
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d = C:i:: x Ax T x V., l SH x 20 
d = C ... x A x T x v1• 2 SM x 20 
dJ = f Cc x A x T x V ] + Rt SM z 20 l'-
where A, L. and P are the verr..ier measurements from the picture, 
Va, v1 , and V are the velocities for ultrasound through the p 
various media of the eye in mm/microsecond, 
T is the time/cm setting on the ultrasonograph, 
SM is the ·11sweep magnification" rate setting on the ultrasonograph, 
20 is a factor to correct the decimal point position and to obtain 
the actual time for the sound to traverse the various media (one 
half the time Tecorded on the trace), 
d1 , d2 , and d are the true depths of the anterior chamber, lens J 
and vitreous chamber, 
and Rt is the retinal thickness (Q.5 mm, from Sorsby). 
The total axial length is then obtained ._from 
4. Manipulation of Ophthalmophakometry findings 
The use of phakometry makes it possible to calculate the 
power and radius of curvature of both the anterior and posterior 
surfaces of the lens, 
For the anterior surface of the lens, the following formulae 
are used: 
where r 2 1 is the apparent radius of curvature of the anterior lens, 
16 
h 1 is the measured height of the third Purkinje image, 111 
r 1 is the value calculated earlier, 
and h1
1 i s the measured hei ght of the firs t Purkinje image. 
The apparent depth (d ') of the anterior chamber 1s then 
1 
obtained: 
The radius of curvature of the anterior surface of the lens, r 2 , 
is then obtained, 
1000 nz 
rz = 1-------------F:~o + ~1'] + F1 
and from this the power of the front surface of the lens, F2 , can 
be calculated 
( n3 _,- nz) 1000 
F2 = ---------------
r2 
The same procedure is then followed for the curvature and power 
of the post6rior surface of the crystalline lens. 
PRESENT 
INVESTIGATION 
18 
All of the subjects for this study were male Caucasians between 
the ages of 18 and 38 years. Male subjects were chosen because 
it is known that there is a significant difference in axial"ilength 
between males and females within the general population. Because 
the distribution of ametropia within several races is not normal, 
e.g., the distribution curve for the Mongolian race is skewed 
twoa.rd a greater incidence of myopia, only Caucasians were studied. ~ 
The eye is generally considered to be fully grown by the age of 
15 years and at the age of 45 (in some cases as early as 40 years) 
presbyopia begins to appear as a sclerosing of the crystalline 
lens. In order to select only adult pre-presbyopic eyes, the 
age limits were set at 18 to 38 years. 
All of the subjects fell into two groups: group I, myopes, 
and group II, hypermetropes. The myopes selected had an ametropia 
of ).00 to 6.oo diopters (subjective refraction to best visual 
acuity) measurAd at the phoropter plane, 20 mm from the front of 
the cornea. Group . II, the hypermetropes, had ametropias of 1.50 
diopters or more determined by the same method as the myopic subjects. 
All of the subjects had anterior corneal curvatures between 
40.00 and 46.00 D in the vertical meridian (as determined with a 
keratometer). An attmept was made to obtain a fairly even 
distribution of corneal curvatures between myopes and hyperopes, 
however the distribution indicated that the myopes had slightly 
flatter corneas than the hyperopes. 
The cylindrical component of the 7A (subjective refraction) 
wa s not recognized as a factor for exclusion from the study unless 
it was excessively high, i.e., greater than 2.50 diopters, 
Ophthalmophakometric investigation was performed first in the 
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sequence of study. The Sanson-Purkinje images were obtained by 
the two sources of parallel light directed in such a way that the 
light rays would intersect at a point in space which should coin-
cide approximately with the center of rotation of the sunject's 
eye. This distance was deter~~ned to be 9 inches from the front 
of the phakometer. The phakometer was mounted on an arm which 
pivoted horizontally so that at any position it was at a constant 
distance from the eye of the subject. A 35mm single lens reflex 
camera fitted with a lens to obtain a 1:1 magnification ratio 
was mounted on a second arm pivoting around the same axis as the 
phakometer. Beneath the camera mount was a racking device designed 
to allow a change in the focal plane without having to change the 
f stop or magnification ratio of the camera. The subject was 
directed to look at a display of Snellen letters presented at a 
distance of 15 feet 5 inches from the cornea. The Snellen letters 
selected were the smallest that the subj act could define i-d. thout 
the aid of lenses. While the subject viewed the target. the 
ph.akometer and camera were placed on opposite sides of the visual 
axis of the eye under observation. The angle between the phakometer 
and the camera was fairly constant throughout the study. Any 
changes made were necessary to obtain clear, centered images. The 
focal plane of the camera was moved in to the best possible 
definition of the third Purkinje image (reflected from the anterior 
surface of the lens), and a photograph was taken. Without 
changing the angle between the camera and the phakometer, the 
camera was immediately racked out to the best definition of 
the first and fourth Purkinje images (which lie in approximately 
the same plane) ~nd a second photograph was taken. The same 
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process was followed with the subject's other eye. 
All myopes and all hyperopes were observed under nearly 
identical conditions of smallest definable target size, illumination 
levels, subject to target distance, phakometer to subject distance, 
and angular separation between the phakometer and the camera. 
Realizing that the hyperope accommodates more than the myope 
when presented a target within optical infinity, some of the 
hyperopes were re-studied with a lens of .50 to .75 diopter more 
plus than the subjective refraction to best visual acuity (7A) 
placed in the spectacle plane in front of the eye not under 
observation. A target of 20/25 Snellen letters was then presented 
to that eye at the same subject to object distance as used in the 
first investigation and the subject was directed to place a black 
card in front of the eye under observation so its view of the 
target was blocked. The same procedure for obtaining photographic 
data of the first, third and fourth Sanson Purkinje images as 
previously outlined was performed. 
The subjective refraction to best visual acuity was then 
determined using a vertex distance (distance from the phoropter 
to the subject's cornea) of 20 mm, and, utilizing a keratometer, 
the curvature of the anterior cornea in the vertical meridian 
was determined. 
Finally, an ultrasonographic study was done on each subject. 
For this procedure the accommodation was not held static through 
the use of a cycloplegic because it produces a. :·non-physiologic 
state in the accommodative mechanism. Instead, the subject was 
directed to observe a target of Snellen letters of minillIUill 
definable size. In most cases.Ophthaina, a topical anesthetic, · 
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was administered to prevent discomfort to the subject. The 
membrane on the water-filled extension tube of the transducer 
wa s wetted with a drop of contact lens wetting solution and it 
was placed in contact with the cornea. To aid in accomplishing 
this, a light was placed beside the subject opposite the observer 
so that he could tell when the probe membrane touched the cornea.. 
Care was taken to approach the subject's cornea with the probe 
approximately on the visual axis so that once the membrane of the 
probe came in contact with the cornea, the visual axis could be 
found with a minimum of movement of the probe against the cornea. 
The visual axis was defined as that point at which the lens peaks 
of sonic reflection were equal to each oth'er and not less than · 
one half the height of the corneal peak and the retinal peak was 
not less than one-third the height of the lens peaks. As soon 
as the on-a.xis trace appeared on the oscilloscope screen, the 
display was photographed using a polaroid camera attached to the 
oscilloscope. 
The ultrasonograph was not calibrated for each subject as it 
had been calibrated before the study began, and since all the data 
was collected in a short period of time, the calibration was 
considered stable, 
The order in which the subjects were studied was irrespective 
of the type of ametropia, i.e. myopes and hypermetropes were 
studied in a random order. 
From the ultrasonographic and phakometric data obtained, it 
was evident that myopic eyes have longer axial lengths and less 
steeply curved anterior lens surfaces than do hyperopes. This 
differe:.:ce in axiallength is found almost exclusively as a 
difference in the length of the posterior chamber. 
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A total of 48 eyes was studied: 24 myopic, within the range 
of 3.00 to 6.oo diopters and 24 hyperopic eyes, greater than 1.50 
diopters. It was determined that the correlation coefficient of 
the axial length and refractive error for the two groups was -0.91, 
and the correlation coefficient of the curvature of the anterior 
surface of the lens and refractive error was -.559. Both of 
these values are influenced to a degree by the sample chosen 
since the distribution of refractive errors falling between -3.00 
and +1.50 diopters was not studied. Addition '. of data. on refractive 
errors falling within .this range would probably result in a lower 
correlation coefficient. Stenstrom found the correlation between 
refractive error and axial length for the general population to 
be -0.76 while Otsuka and Kanefuji determined it to be -0.71. 
The mean axial length and standard deviation for the 24 :myopic 
eyes was 26.59 mm t 1.45 while that for the hyperopes was 22.19 mm! 1.0. 
The mean radius of curvature of the anterior lens surface and 
the standard deviation for the myopic subjects was found to be 
13.08 mm t 2.075 and for the hyperopic subjects, 10.483 mm ± 2.308. 
In an , extension of the study of the radius of curvature of the 
anterior lens surface using 7 subjects (14 eyes) from ~he previously 
studied hyperopic subjects, it was found that under the same 
conditions of target distance and minimum definable target size, 
the hyperopes did accommodate to some degree. The mean radius 
of curvat ure of the anterior surface of the crystalline lens under 
conditions designed to in.~ibit accommodation was found to be 12.644 
~~n ± 1.650, considerably flatter than the 10.572nnn without the 
inhibitory lens in place. This indicates that there is only a 
slight difference in the curvature of the lens of myopes and 
23 
hyperopes in the una.ccor.miodated state, and therefore the radius 
of curvature of the anterior lens surface does not appear to have 
as much effect on the amount of the ametropia as other investigators 
have proposed. A difference in axial length appears to be much 
more closely associated with ametropia within the ranges studied, 
Tha previous observers who have postulated a greater mean difference 
in anterior lens curvature in myopia and hypermetorpia might have 
failed to obtain a completely static accommodative system in the 
subjects studied, The radius of curvature for the anterior surface 
of the lens was significantly longer than previous studies for 
all unaccommodated eyes, 
Although none of the subjects in this investigation were 
emm.etropic, the slope of the best fit line in the axial length 
data appears to be continuous between the myopes and the hyperopas, 
and seems to be steeper in the highe1 degrees of myopia and 
flatter or more parallel to the base line in the higher degrees 
of hyperopia. The expected axial length of an emmetropic eye 
calculated from the average values for the.anterior portion of 
the eye from the subjects studied would be 24.69 l11Zll· 
Further study in this field is indicated, particularly with 
respect to the correlation between the axial length and the 
anterior lens curvature in presbyopia and in ernmetropia, and 
the thickness of the crystalline lens in refractive anomalies. 
Also investigation should be carried out to dete?'min~ what changes 
take place in the heights of the Purkinje· images when the angle 
between the camera and the phakometer is changed and the more 
peripheral portions of the cornea are used, Since only central 
24 
keratometry readings are taken, large errors may be induced when 
other portions of the cornea are used for measuring the heights 
of these images. 
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APPENDIX 
APPENDIX I. INDIVIDUAL DATA 
VERTICAL VERTICAL ANTERIOR LENS POSTERIOR AXIAL AN'I'ERIOH LENS HEIGHT OF 
KERATOMETRY REFRACTION ·cHAMBEft THICKNESS CHAMBER LENGTH CURVATlJ"RE I MAGE I 
(diopters) (diopters) (cm) (cm) (cm) (cm) ( mm) ( mm) 
D, C, 42,12 ... 5, 75 .460 ,J.54 1.878 2.692 11. 723 .121 
D. A. 44.50 ,...2, 73 ,427 ,343 1. 778 2,_548 8.112 .127 
E, K. 41,62 -5.10 ,414 ,332 1.983 2.729 14-.206 .141 
E. K. 42,00 -5.14 . .410 ,345 1.956 2. 711 10.321 ,230 
D. S, 41.50 -2.61 ,410 ,367 1.775 2,552 1J. J70 .131 
\..V 
D, S, 41.87 -3.06 ,371 ,367 1.784 2.522 j_J.2:1.9 .129 ~ 
T, 0, 41.75 -5.13 ,390 ,358 1,936 2,684 1J .688 .132 
T, 0, 41.75 -5.36 ,359 ,350 1.9~7 2,656 13.539 .129 
E. H, 41.37 . -3.49 .432 .432 1.784 2,639 11. 312 .130 
E. H, 41,87 -3.39 ,397 .433 1.843 2,683 12.162 .133 
D, S, 43.25 -4.06 ,392 ,389 1,793 2.574 12.336 .136 
D. S, 44.oo . . -3.05 ,395 ,378 1.742 2.515 12.066 .119 
J. o. 43.87 - 3.83 .413 .407 1. 738 2.558 12 . 733 .131 
J. o. 4J,87 -4.92 .4BJ • 341} 1. 768 2.595 12.536 .125 
J. w. 42.75 -4.13 ,440 .356 1.891 2,687 12 .261 .14·7 
.J. w. 42.62 -4.13 .457 .340 1.904 2.701 13 . 719 ,14-2 
s. v. 42.25 -3.27 ,401 .368 1.818 2,587 14.827 .128 
s. v. 42.00 -3.50 .389 .325 1.813 2.527 14,116 .129 
P, K. 39.62 -5.16 .411.} ,418 2,037 2.860 17.253 .142 
p • K, 40.25 -4.36 ,367 .419 2.392 J.178 18.606 .138 
\,...) 
VI 
B, B. 42.00 -3.19 ,356 .412 1.780 2.548 12 .L~92 .127 
B. B. 42.00 -3.12 .371 .404 1. 766 2.541 11. 704 .133 
D. L, 39r62 -4.95 .418 ,361 1.982 2,761 14.352 .129 
D. L. 39.62 -5.JO .419 .352 1,996 2.767 13.421 .1)4 
L. o. 41.75 +9.95 .)41 .386 1.408 2.135 11.289 
.123 
L. O. 41.50 +5.56 .367 .369 1,526 2. 262 10.639 
.127 
J • K. 44.oo +4.95 .419 .339 1.530 2.288 11.183 
.1Yt 
J. K. 43.87 +J.47 .J82 .367 1.529 2.278 11.831 
.131 
L. D. 44,25 +2.81 .345 .370 1.455 2.160 7.558 
.170 
D. S. 45.12 +2.56 .)41 ,346 1.413 2.100 8.922 
.128 
R. W. 41.37 +4.05 .388 .J72 1.521 2,281 10.031 
.134 
R. W, 41.75 +1.81 .390 .372 1.558 2.310 8.129 
.123 \....) 
°' P. B, 43.12 +1.81 .291 .417 1.553 2.261 10.050 
.129 
P. B, L~J.00 +2.19 .322 .410 L.545 2.277 9.771 
.121 
D, V, ~,2,62 +4.05 .386 .353 1.511 2.250 9,993 ,126 
D. V. 43.00 +4.17 0391 .362 1.514 2.267 14.203 
.124 
s. P. Lr.5.87- +2.36 .375 ,330 1,365 2.070 9.587 • t14 
s. P. 45.25 +3.50 .391 .326 1.335 2,052 8.562 .114-
L. W. 40.87 +2.76 .297 ,)86 1 • .532 2.197 9,224 .130 
. L. W. 42,00 +2.92 ,249 ,382 1.493 2.124 8.716 .12.l!· 
w. c. 41.12 +1.83 ,399 ,355 1.627 2,381 14.2,47 .131. 
w. c. 41.75 +2.J6 .4J3 .353 1.632 2.418 14.133 .131 
w 
T. R. 44.oo +3.90 ,345 .408 1.481 2.234 8,054 .129 -...J 
T. R. 4J.62 +5.28 .)% .404 1.396 2.146 7. 783 .129 
D. B. 44,00 +1.55 .356 .368 1.533 2,247 7.361 .127 
D. B. 44,75 +2,08 .347 .374 1 • .535 2,256 12.691 .11Li· 
T. T, 42.50 +2.36 .J84 ,351 1,642 2,377 13,079 .126 
T. T. 42.87 +1 • .54 .386 .)47 1.642 2.375 14.571 .116 
APPENDIX II. INDIVIDUAL DATA~ HYPER.OPES WITH PLUS LENS IN FRONT OF :&.YE NOT PHOTOGRAPHED 
RADIUS OF CURVATURE RADI US OF ClffiVATUR.E 
WITH LENS WITHOUT LE!l!S 
(mm) (mm) 
s. Po 11.174 9.587 
S. P. . 10.996 8.562 
L. w. 11.294 9.224 
L. W. 11.617 8.716 
w. c. 14.529 14.247 
w 
w. c. 13.091 14.133 CX> 
L. o. 14.733 11.289 
L. O. 14.269 10.639 
L. D. 1J.J86 7.558 
D. S. 12.036 10.031 
P. B. 10.474 10.050 
P. B. 10.475 9.771 
D. V. 14.774 9.993 
D. V. 14.166 14.203 
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APPEEDIX III. SillTI-11\.RY OF SYHBOLS AND VALUES USED IN CALCULATIONS 
Index: 
Y.i = 1.3375~ calibration index of the keratometer 
n1 = 1.000, index of air 
n2 = 1.33.33, index of refraction of cornea-aqueous 
n3 = 1.4136, index of refraction of lens 
n4 = 1.3333, index of refraction of the vitreous 
Velocities of sound through the ocular media: 
Va = 1532 m/sec, velocity through the aqueous 
Vl = 1641 m/sec, velocity through the lens 
vu = 1532 m/sec, veldcity through the vitreous 
J. 
K = vertical refraction at the corneal plane 
K' = axial length in cm 
F = power in diopters 
h = measured height of the Purkinje Images, subscripts refer to 
the surface represented. 
·~ 
